prolines relative to the Ena/VASP ligands suggested that
H-IP3 in a centrifugation

Structure of the Homer EVH1 Domain
A fragment of rat Homer 1 encompassing residues 1-120 binding assay (data not shown). Despite unequivocal structure similarity, no detectwas expressed in E. coli, purified to homogeneity, and crystallized. The structure was determined to 1.7 Å limable sequence similarity exists between EVH1 domains and either PH or PTB domains, even when iterated iting resolution utilizing multiwavelength anomalous diffraction (MAD) data collected from a single crystal of search strategies such as PSI-BLAST (Altschul et al., 1997) are employed ( Figure 1B) . Overall, 12 out of 49 selenomethionyl-substituted (SeMet) protein. Only residues 1-111 were observed in this structure, and this structurally homologous residues shared by EVH1, PH, and PTB domains occur at buried sites. This pattern of shorter fragment of rat Homer 1 was expressed and cocrystallized with a synthetic peptide derived from buried residues is especially conserved in ␤7 and ␣C (residues 86-103 in Homer 1) and allowed identification mGluR (NH 2 -TPPSPF-CONH 2 ). Diffraction data to 1.9 Å limiting resolution were collected from a single orthoof a previously undetected EVH1 domain at the N terminus of the Drosophila protein Still Life (SIF) using a PHIrhombic crystal of the Homer-ligand complex, and the structure was solved by molecular replacement using BLAST search (Zhang et al., 1998; Figure 1B ). SIF is a 2064 amino acid protein found adjacent to the plasma the structure of the uncomplexed Homer EVH1 domain as a search model. The molecular replacement solution membrane of synaptic terminals that interacts with Rholike GTPases and participates in the organization of was used to calculate a F o -F c difference electron density map that revealed unambiguous density for all six resithe actin cytoskeleton (Sone et al., 1997). Identification of an EVH1 domain in SIF suggests that this region dues of the bound peptide ( Figure 3A ). Data collection, phasing, and refinement statistics are shown in Table  may Figure 2A . No significant differences are observed between the structure of the As shown in Figure 4A , the Mena and EVL EVH1 domains bind the core peptide FPPPP in an essentially identical EVH1 domain with and without bound peptide (104 ␣ carbon atoms superimpose with an rmsd of 0.64 Å ), PPII conformation within a homologous binding cleft. Homer and Mena/EVL EVH1 domains do, however, share a homologous region that interacts with tandem The surface locations of the residues mutated in the Homer EVH1 domain are shown in Figure 5B . With the prolines. These results, combined with mutagenesis studies, explain different target specificities among exception of V85A, all mutations that affect Homer ligand binding make direct van der Waals contacts with the EVH1 domains and identify residues important for discriminating modes of substrate binding. bound peptide (see also Figure 3B ). Prior to solving the structure of the Homer EVH1-ligand complex, we tested Conservation of sequence, structure, and polyproline recognition between the Homer and Mena/EVL EVH1 a series of Homer point mutations based on reported mutations of the WASP EVH1 domain that produce sedomains strongly suggests that these domains are derived from an ancestral polyproline-binding protein. Figure 5A ) but may be conserved in unique challenges to the generation and maintenance Homer EVH1 domains in part to prevent interactions of substrate specificity. Not only must key ligand contact with Mena/EVL substrates. residues be conserved, but residues in regions that conOur studies identified Homer mutants that selectively tact ligand in Homer but not in Mena/EVL must be sebind mGluRs or Shank. When Trp-24 is mutated to tyrolected against in Mena/EVL to avoid cross-reaction with sine, the resulting Homer mutant binds Shank 3, but not Homer ligands and vice versa. Comparison of the Homer mGluRs. Similarly, Homer V85A binds Shank 3 but not and Mena/EVL peptide binding sites reveals residues mGluRs. By contrast, T70E binds mGluRs but not Shank that are conserved among all EVH1 domains as well as 3. The selectivity of these mutants may result from slight residues that are conserved only among subsets of differences in either the topology or energetics of the EVH1 domains and are strictly absent from other EVH1 contacts between Homer and the prolines of these lidomains ( Figures 1B and 4B and Mena/EVL subfamilies of EVH1 domains seem well phasing were collected at four wavelengths at or near the Se absorption edge. These data were collected at beamline X4A of the National understood, future work will be needed to elucidate the Synchrotron Light Source at Brookhaven National Laboratory using PBS/1% Triton X-100 (Sigma) and protease inhibitors. GST pulldown assays were performed by mixing 100 l of cell lysate with an R-AXIS IV image plate detector. Nonoverlapping oscillations (2Њ) at φ and φ ϩ 180Њ were measured over a 90Њ rotation of the crystal, GST-mGluR1␣ (mGluR1␣ residues 1104-1199) and GST-Shank 3 (Shank 3 residues 1269-1408; Tu et al., 1999) bound to glutathioneinterleaving the four wavelengths. Data used to solve the proteinpeptide complex were collected from a single crystal flash frozen agarose, incubating at 4ЊC for 2 hr, and washing with PBS and PBS/1% Triton X-100. Bound products were eluted with 100 l 2ϫ at Ϫ180ЊC, using CuK␣ radiation generated by a Rigaku RU-200 generator and an R-AXIS IV image plate detector. Nonoverlapping SDS loading buffer and detected by SDS-PAGE and immunoblot using pan-Homer 1 antibody and ECL reagents (Amersham). oscillations (1.5Њ) were measured over a 247Њ rotation of the crystal. All data were processed and scaled using the DENZO/SCALEPACK programs (Otwinowski and Minor, 1997 
